Background Decision making in chest pain of uncertain origin is challenging. Objectives To evaluate the predictive value of simple characteristics of pain presentation in patients coming to the emergency department with chest pain and without electrocardiogram ischaemia or raised troponin. Methods 789 patients were studied. The following categorical pain characteristics were collected: effort related pain, pressing character, radiation, associated symptoms, and $2 episodes in 24 h. Additionally, a predefined semi-quantitative pain score including seven items (Geleijnse score) was completed. Risk factors and comorbidities were also recorded. The primary and secondary endpoints were cardiac events at 30 days and at 1 year. Results After adjusting for risk factors and co-morbidites, the pain characteristics associated with the primary and secondary endpoints were effort related pain (HR¼2.1, 95% CI 1.5 to 3.0, p¼0.0001; HR¼1.8, 95% CI 1.3 to 2.5, p¼0.0003) and $2 episodes in 24 h (HR¼2.4, 95% CI 1.7 to 3.5, p¼0.0001; HR¼2.3, 95% CI 1.7 to 3.2, p¼0.0001). Both variables retained their predictive value in women, diabetics and elderly (>70 years) patients. The discriminatory capacity of the predictive models including these two pain characteristics for the primary and secondary endpoints (C-statistic 0.76 and 0.76) was better than using the complex semi-quantitative pain score (Cstatistic 0.69 and 0.71). Conclusion In patients presenting to the emergency department with chest pain and without electrocardiogram ischaemia or raised troponin, effort related pain and $2 episodes in 24 h are the main characteristics to be considered for decision making.
INTRODUCTION
Diagnosis and prognosis evaluation of patients presenting to the hospital with chest pain of uncertain origin is a dilemma. 1 2 Prior studies have shown that, despite normal electrocardiogram (ECG) and cardiac biomarkers, the prognosis remains uncertain and some patients are at risk of cardiac events. 3 4 Since the clinical history is the only tool for initial assessment when the ECG and troponin measurement are normal, qualification of chest pain by the attending physician according to pain characteristics frequently guides initial decision making. The diagnosis and prognosis value of a large number of pain characteristics have been analysed, with different and confusing results, depending in part on the chest pain context: acute coronary syndrome or stable patient. 5e9 Therefore, chest pain qualification continues to be highly subjective and subjected to inter-physician variability.
The present study was conducted in patients presenting to the emergency department with chest pain, without ischaemic changes in the ECG and with normal troponin levels, managed in a chest pain unit. Five simple categorical characteristics of pain presentation were recorded. The main objective was to evaluate their predictive value for outcome. In addition, the predictive value of this simple analysis of pain characteristics was compared with a more complex one using the Geleijnse score, which includes seven semi-quantitative variables with a number of points per variable. 10 The ultimate aim was to attempt to provide physicians with a simple tool for the assessment of chest pain of uncertain origin, in the emergency department.
METHODS

Patient population
This was a prospective cohort design consisting of 789 consecutive patients presenting to the emergency department of two teaching hospitals with a chief complaint of chest pain considered by the cardiologist on duty to be of possible coronary origin, and without objective data of acute coronary syndrome at admission. The screening process implied a first evaluation by a non-cardiologist as to whether the chest pain is of possible coronary origin, and then the evaluation by the cardiologist who confirms the diagnosis. An ECG was performed at admission, and troponin I was determined at admission and at 8e12 h from chest pain onset. Positive and negative values for myocardial infarction were assigned according to the minimal troponin threshold measured with a coefficient of variation <10%, as indicated by the manufacturer. Patients were entered in the study in the absence of ST-segment deviation or raised troponin (in the two determinations) and if the cardiologist on duty defined the pain as of possible coronary origin; therefore, a second negative troponin result was required to enter into the study. The exclusion criteria were ST-segment deviation $1 mm, raised troponin I at any determination, bradycardia or tachyarrhythmia or heart failure at presentation, and prior known non-ischaemic heart disease (valve heart disease or cardiomyopathy). During the study period 1220 patients were excluded for raised troponin or ST-segment deviation, and 113 for significant arrhythmias, heart failure or prior non-ischaemic heart disease.
A number of clinical variables were collected at admission and patients were managed according to a chest pain unit protocol involving exercise testing in those patients with ability to exercise. 11 12 The Ethical Committee of Clinical Research from the participant hospitals approved the study.
Data collection
Five simple categorical (presence or absence) characteristics of chest pain were collected: effort related chest pain (either at admission or during the previous week); pressing character; radiation (to arms, shoulder, back, neck or jaw); associated symptoms (nausea, vomiting or diaphoresis); and more than two pain episodes in the last 24 h. Additionally, a more complex approach was also carried out using the questionnaire introduced by Geleijnse which includes seven items (pain location, radiation, character, severity, influences, associated symptoms and previous history of exertional angina) and a number of points (from À1 to 3) per item (appendix). 10 All points were added up and the total Geleijnse score was calculated. Other data drawn from the clinical history were coronary risk factors, prior history of ischaemic heart disease, prior vascular disease (peripheral artery disease or stroke) and renal failure (creatinine >1.3 mg/dl at admission).
Outcome
The primary endpoint was the composite of death, myocardial infarction, readmission by unstable angina or revascularisation at 30 day follow-up. The secondary endpoint was cardiac events at 1 year follow-up. An acute myocardial infarction was defined as a new episode of chest pain with increased troponin I. Acute myocardial infarction was also defined if creatine kinase MB mass increased to $3 times the upper limit of normal after coronary angioplasty or to $5 times the upper limit of normal after coronary bypass surgery. Readmission due to unstable angina was defined by a new episode of chest pain requiring hospitalisation with concomitant ECG changes indicating acute ischaemia or a coronary angiogram showing a significant coronary stenosis, without troponin elevation.
The follow-up was assessed using the hospital database or by telephone call. All patients completed the 30 day follow-up whereas 10 patients were lost at 1 year.
Statistical analysis
First, the relationship between the five categorical pain characteristics and outcomes was analysed by the univariate c 2 test. Second, the pain characteristics along with other clinical related variables with outcomes in the univariate analysis (p<0.1), were introduced in a multivariate Cox model for the primary and secondary endpoints. The corresponding HR and 95% CIs were calculated. Likewise, the C-statistic of the model was estimated. Age was transformed into a qualitative variable after calculating its quartile distribution and choosing the limit of the first quartile (55 years) as the best cut-off value for the primary endpoint. The multivariable analysis was also evaluated in those subgroups with a priori greater probability of atypical chest pain, such as, women, diabetics and older (>70 years) patients. Finally, the Geleijnse score instead of the individual pain characteristics was introduced in the models, and the C-statistic was calculated again. Table 1 presents patient baseline characteristics and chest pain characteristics. As a whole, one third of the patients showed effort related chest pain and $2 episodes in the last 24 h, whereas in half of patients the pain had pressing characteristics, was radiated and had associated symptoms.
RESULTS
Baseline characteristics
Management and follow-up
An early (<24 h) exercise test was performed in patients with ability to exercise (n¼532). Decision to hospitalise was guided by the exercise test: patients were hospitalised in the case of a positive result, inconclusive result with <7 METS (metabolic equivalents of oxygen consumption) or contraindication to exercise (physical inability or abnormal repolarisation changes in the baseline ECG), whereas they were discharged in the case of a negative or inconclusive result with >7 METS without ischaemia induction. The result of the exercise test was positive in 96 patients, inconclusive in 129 and negative in 307. A total of 413 patients were hospitalised. The management of hospitalised patients was at the discretion of the attending physician, using non-invasive imaging stress tests (technetium 99m-labelled tetrofosmin exercise or dipyridamole stress-rest single-photon emission CT, or dypiridamole cardiac magnetic resonance), coronary angiogram or medical treatment without further study.
At 30 days, 127 (16%) patients had cardiac events; 153 (19%) had them at 1 year. Table 2 shows the individual events at each time period.
Pain characteristics and outcomes
By univariate analysis, the pain characteristics related to the primary endpoint were effort related chest pain (26% vs 12%, p¼0.0001), pressing characteristic (19% vs 12%, p¼0.009) and $2 pain episodes in the last 24 h (28% vs 10%, p¼0.0001). On the contrary, radiated pain (15% vs 20%, p¼0.3) or associated symptoms (18% vs 14%, p¼0.3) were not more frequent in Tables 3 and 4 show the relation between pain characteristics and outcomes in the subgroups of patients according to sex, diabetes and age (>70 years). It should be pointed out that effort related chest pain and $2 pain episodes in the last 24 h retained their predictive value for the primary and secondary endpoints in any subgroup.
Subgroup analysis
Comparison with the complex semi-quantitative score
The multivariable models were tested after substituting the individual pain characteristics for the Geleijnse score resulting from the completion of the seven-item questionnaire. The Geleijnse score was associated with the primary (per point, OR¼1.12, 95% CI 1.06 to 1.19, p¼0.0001) and secondary (per point, HR¼1.13, 95% CI 1.07 to 1.20, p¼0.0001) endpoints. However, the discriminatory capacity of the predictive models including effort related chest pain and $2 pain episodes in the last 24 h for the primary (C-statistic 0.76) and secondary (C-statistic 0.76) endpoints were better than after using the complex Geleijnse score (C-statistic 0.69 and 0.71).
DISCUSSION
The results of the present study indicate that effort related pain and $2 pain episodes in the last 24 h are the characteristics of chest pain presentation of prognosis value in patients presenting to the emergency department without ischaemic ECG changes or raised troponin. Pressing quality, radiation or associated symptoms seem to be less important. On the other hand, using complex questionnaires combining several pain characteristics was not more accurate than a simpler approach considering only effort related pain and the number of episodes in the last 24 h.
Heberden first described the typical characteristics of ischaemic chest pain in 1772. 13 Since then, chest pain not fulfilling Heberden's pattern is considered atypical. However, qualification of pain remains highly subjective and the frontiers between typical and atypical pain are quite confusing. Furthermore, the diagnostic or prognostic value of the individual pain characteristics may be different. In this sense, some studies have evaluated the predictive value of multiple pain characteristics, such as location, several radiation sites, several quality patterns, intensity degree, crescendo pattern, associated symptoms (nausea or vomiting, diaphoresis) and exertional pain. 5e9 Other studies have constructed complex scores combining pain characteristics. 10 However, none of these approaches have eliminated the subjective interpretation of pain presentation. The consideration of pain as typical angina prompting decisions remains at the discretion of the attending physician and is subject to interphysician variability.
Our results are relevant to the context of the study, that is, patients with presumably unstable chest pain prompting their presentation to the emergency department, but without ischaemic changes in the ECG and with normal troponins. Figure 1 Predictive value of chest pain characteristics for 30 day cardiac events in the whole population. Therefore, they should not be applied to other settings, such as patients with acute myocardial infarction. Interpretation of chest pain is crucial in chest pain units when the ECG and cardiac biomarkers are normal. We have used a simple approach in an attempt to make the interrogation of chest pain easier and less subjective. Effort related chest pain and $2 pain episodes in the last 24 h were the most important data for prognosis and diagnosis purposes. Moreover, using only these two variables was more accurate than using the semiquantitative Geleijnse score which quantifies seven variables. It is of note that the Geleijnse score does not consider exertional pain at presentation or the number of pain episodes. The lack of predictive value of pressing character, radiation and associated symptoms has also been described in other studies. Cooke et al, in stable patients who underwent coronary angiography, did not find differences between patients with normal and abnormal angiograms in the site, radiation or quality of the pain. 6 On the other hand, in the series of Goodacre et al, nausea, vomiting or diaphoresis were not predictive of acute coronary syndrome in patients with undifferentiated chest pain. 8 Some studies that assessed chest pain characteristics were undertaken in patients with acute myocardial infarction and evaluated their diagnostic accuracy. 7 8 In this setting, however, the value of the clinical history does not seem to be of key importance since the final diagnosis and management is guided by the detection of ischaemic changes in the ECG or the elevation of necrosis biomarkers. The absence of ischaemic ECG changes or troponin elevation constitutes a unique scenario where the clinical history is the only tool for initial decision making. It must be emphasised that the present study was conducted in this population. Previous studies using the Geleijnse score have demonstrated that pain characteristics possess prognostic value. 3 4 14 15 Our results suggest that this score can be substituted by simple data such as effort related pain and $2 pain episodes in the last 24 h. However, it must be pointed out that pain characteristic is just one predictive data item, along with other risk factors in patients with chest pain of uncertain origin. 1 14 15 Certain subgroups of patients may present with chest pain symptoms that differ from those of the general population, particularly women, diabetics and elderly patients. Some studies suggest different characteristics and a lesser prognostic value of pain presentation in these patients.
9 16e18 However, we did not find such differences. Furthermore, the diagnostic and prognostic value of effort related chest pain and $2 pain episodes in the last 24 h was consistent in all subgroups of patients.
Limitations
The decision to refer patients to the cardiologist and the subsequent definition of the pain as of possible coronary origin by the cardiologist were at the discretion of the attending physicians. We recognise these were subjective decisions and that the inter-observer variability was not tested. However, in patients without ECG ischaemia or raised troponin, the clinical history constitutes the only tool for initial decision making. Furthermore, the aim of the study was to analyse the predictive value of predefined pain characteristics in order to make the clinical assessment simpler and more objective. On the other hand, this was a high risk cohort, as indicated by the event rate, probably due to the patient selection by a cardiologist. The outcome of patients that did not enter the study was not recorded. Finally, there was no sample size calculation to compare the simple pain characteristics with the complex pain scoring system; therefore the study could be unpowered to detect a difference. However, the primary endpoint rate (n¼127) allowed us to perform a thorough multivariate adjustment of pain characteristics for risk factors and co-morbidities. Indeed, the covariate/event ratio of the multivariable model for the primary endpoint was optimum (6 covariates for 127 events).
Conclusions
In patients presenting to the emergency department with chest pain and without ischaemic ECG changes or raised troponin, effort related chest pain and $2 pain episodes in the last 24 h are the main characteristics of pain presentation to be considered for decision making. Pressing quality, radiation and associated symptoms seem to be of marginal importance. 513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541   542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570 
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